This study presents the description of two Callyspongia species new to science, and the distribution of all Callyspongia species recorded during the first joint Cuba-U.S. expedition to characterize Cuban mesophotic coral ecosystems (MayJune 2017). Additionally, we propose a key to identify thin branching species of the genus in the Greater Caribbean. The observations here presented are the result of underwater explorations with the Mohawk Remotely Operated Vehicle dives at 35 sites around the island, at depths of 25-188 m, recording images and videos, and collecting specimens. The depth range of five species of Callyspongia, reported before in Cuba, has been extended to deeper waters. Two specimens of branching Callyspongia were collected and described: Callyspongia (Callyspongia) pedroi sp. nov. and Callyspongia (Cladochalina) alcoladoi sp. nov. Morphometric comparisons of external and skeletal traits show clear differences with the other Callyspongia species from the Central West Atlantic with a similar thin branching habit. Callyspongia (C.) pedroi sp. nov. consists of pinkish delicate cylindrical microconulose branches (3-6 mm in diameter, 10-14 cm long) that rarely anastomose, with relatively large oval oscules (1-3 mm in diameter), and a skeleton dominated by primary and secondary fiber reticulations, discretely cored by fusiform oxeas. Callyspongia (C.) alcoladoi sp. nov. consists of grayish, smooth thin branches (3-8 mm in diameter, 20-30 cm long), profusely dividing and occasionally anastomosing, with few spiny projections (2-4 mm wide, 2-4 cm long). Its skeleton includes a highly developed ectosomal tertiary reticulation within the secondary and primary reticulation, and fibers discretely cored by predominant mucronate oxeas. Clear morphometric differences of spicules and their skeletal reticulation distinguish these species from the other six thinly branching Callyspongia species known from the Caribbean.
Introduction
Mesophotic reefs represent a continuum from shallow reefs occurring in tropical and subtropical regions extending from 30-45 m to 150 m (Baker et al. 2016; Turner et al. 2017) . They are known to harbor high benthic diversity, some shared with shallow reefs and some exclusive to these ecosystems (Baker et al. 2016; Pomponi et al. 2018; Reed et al. 2018) . Sponges constitute a dominant component of mesophotic reefs because of their species richness and their number of individuals (Slattery & Lesser 2012; Van Soest et al. 2014; Reed et al. 2018) . In the Caribbean, it has been shown that sponge growth is higher on mesophotic reefs than on shallow reefs, and that diversity and abundance increase with depth (Liddell et al. 1997; Pawlik et al. 2013; Slattery & Lesser, 2015; Baker et al. 2016) . Our knowledge about the composition and role of sponges on mesophotic reefs is incomplete, despite their suspected value for predicting threats to and environmental condition of these ecosystems (Lesser et al. 2009; Baker et al. 2016; Pomponi et al. 2018) . Pomponi et al. (2018) list literature reports of 241 sponge species from mesophotic reefs of the greater Caribbean, with 141 reported for the Greater Antilles (Cuba, Jamaica, Puerto Rico and Cayman Islands). However, preliminary results from the exploration of mesophotic reefs at 35 localities around Cuba showed 296 sponge taxa (Reed et al. 2018) , indicating a gross current underestimate of Porifera biodiversity and the high probability to find new species. It is important to note that 25% of those morphospecies distinguished could only be assigned to a single class (i.e., Demospongiae) and a single order (i.e., Haplosclerida) or a single family (i.e., Petrosiidae.). This probably indicates that most species on mesophotic reefs are little known or new to science. Alcolado (2002; , who described 263-280 sponge species in Cuba, indicates that there are probably many species to be described, particularly on reefs and in deep waters.
The genus Callyspongia Duchassing & Michelotti 1864 (Demospongiae, Haplosclerida, Callyspongiidae) is distributed throughout most tropical, temperate and cold waters; its species are frequently observed in the Eastern Pacific, Eastern South America, West Indies, West and South Africa, the Mediterranean Atlantic region, IndoMalaysia, from Japan to China, and in the South and North-East and West Australian and New Zealand regions (Desqueyroux-Faúndez & Valentine 2002) . In all, 261 species have been described in this genus, most inhabiting shallow waters (Desqueyroux-Faúndez & Valentine 2002; Van Soest et al. 2018) , and ~180 of these have been accepted after critical review by taxonomists. Pomponi et al. (2018) report three species from mesophotic reefs in the Caribbean, Callyspongia (C.) densasclera Lehnert & Van Soest, 1999, Callyspongia cf. pallida Hechtel 1965, and Callyspongia (C.) plicifera (Lamarck 1814), and one species from Guyana, Callyspongia (C.) scutica Van Soest 2017. Eight species of Callyspongia have been reported from Cuban waters, making it a genus that is among the top five in species richness among all Cuban Porifera (Alcolado 2002; .
During an expedition to Cuban mesophotic reefs, conducted in 2017 as a binational collaboration between Cuban and U.S. institutions, two very thin, rod shaped sponges, later identified as Callyspongia spp., were collected (Reed et al. 2018) . There are currently six Callyspongia species with thin ramose habits described in the Central West Atlantic. These species are rare in abundance on shallow reefs, and their descriptions are published in a series of monographs that range from De Laubenfels (1936) to Van Soest (2017) .
Our goal is to provide an inventory of the Callyspongia species found on Cuban mesophotic reefs, and to describe two species new to science: Callyspongia (Callyspongia) pedroi sp. nov. and Callyspongia (Cladochalina) alcoladoi sp. nov. We have created a simplified key to distinguish the rare ropey-branching Callyspongia spp. that inhabit Greater Caribbean coral reefs.
Materials and methods
Area of study. A joint Cuba-U.S. expedition was conducted May 14-June 12, 2017 to characterize for the first time the mesophotic coral ecosystems (MCEs) along the entire coastline of Cuba. Mohawk Remotely Operated Vehicle (ROV) dives at 35 sites (total transit around the island ~2778 km, depths 25-188 m) confirmed the presence of MCEs on all coasts of Cuba (Table 1) . Topographically, the most conspicuous features of most dive sites were the deep island slope (125->150 m), vertical wall (50-125 m), and deep fringing reef (30-50 m). In addition, dives were conducted on the slopes of two seamounts, Banco de San Antonio and Banco Silvertown (more details and map of the expedition track in Reed et al. 2018) .
Collection methods. The Mohawk ROV was equipped with an Insite Pacific Mini Zeus high-definition CMOS color zoom camera, and a Kongsberg Maritime OE14-408 camera, both with 10 cm parallel lasers for scale (green still, red video). The ROV had a collection skid, consisting of a small 5-function manipulator, five suction buckets, and a thermally insulated biobox. ROV dives transected and documented habitat and species with 103 hours of high-definition video and 21146 digital images, and collected approximately 475 specimens of benthic macro-invertebrates and macro-algae, of which 117 were sponges. Sponges collected include two branching specimens of Callyspongia that were photographed both in situ and in the ship's lab, and then preserved in 70% ethanol. Both specimens have been deposited in the collections of Acuario Nacional de Cuba (ANC, Havana, Cuba).
Data processing & systematic descriptions. Metadata and habitat dive notes, including taxonomic identifications of specimens, were recorded during the dive into a Microsoft Access® database, which links to the ROV navigation data. From the images and Microsoft Access® database, species of Callyspongia were recorded by sites, including their depths. Systematic criteria for Callyspongia species identifications were adopted from Caribbean monographs, such as De Laubenfels (1936), Wiedenmayer (1977), and Van Soest (1980) , and supplemented by data given in the World Porifera Database .
Depths registered for each Callyspongia species found during the expedition were compared with previously obtained information about Cuban sponges (unpublished data of Dr. P. M. Alcolado, and Porifera Microsoft Access® database, collections of Acuario Nacional de Cuba), and with references to the Central West Atlantic region (De Laubenfels 1936; Lehner & Van Soest 1998; 1999; Pulitzer-Finali 1986; Rützler et al. 2009; Van Soest 1980; Wiedenmayer 1977) .
For describing the external morphology of specimens, photographic images were reviewed to analyze habit, structure, and color. Tissue fragments of each specimen were prepared for spicule and skeletal architecture studies (Díaz, 2007) . Measurements of the spicules (length x width in μm, minimum-average-maximum) were limited to 25 for each sample, and only fully developed spicules were measured. Some fragments of both specimens were frozen, and thick sections were made by hand; typically, sections tangential and perpendicular to the surface were made. Skeletal structure was described, including measurements of fiber thickness (in μm) and mesh diameter (in μm), 10-20 each. Numbers of spicules coring the fibers were noted from each fiber type. All measurements and descriptions were made using light microscopy.
In order to compare our new species with other thin, stringy, and branching described Callyspongia spp., comparative morphometric tables were prepared (Tables 3, 4) and a key to the taxonomic identification of all similarly shaped Callyspongia species from the Central West Atlantic Atlantic is proposed.
Results
Mesophotic sponges of the genus Callyspongia from Cuba. During the Cuban mesophotic coral reef exploration of 2017, 296 sponge species were distinguished by their external morphology. Initially nine of these species were recognized as Callyspongia spp. (Reed et al. 2018 ), but after a more detailed subsequent analysis, seven species of Callyspongia were identified, which five as previously described species. Among 118 samples of sponges collected during this expedition, two Callyspongia species studied were undescribed species. These two are described below and named Callyspongia (Callyspongia) pedroi sp. nov. and Callyspongia (Cladochalina) alcoladoi sp. nov. The distribution of all seven species of Callyspongia reported from Cuba is summarized in Table 2 . C-07 To differentiate the two new species collected in Cuba, a morphometric comparison of external characteristics (Table 3 ) and spicules and skeletal characteristics, respectively, ( Diagnosis: Growth form varying greatly, from massive to ramose, lamellate, foliaceous to infundibuliform, tubular or lobate, repent or erect. Ectosomal skeleton a tangential network formed by secondary and, in places, finer tertiary fibers (triple mesh ectosomal layer), or less ramified and with regular size of mesh (single mesh ectosomal layer). Choanosomal skeleton, a well-developed network of primary longitudinal fibers, fasciculated or nonfasciculated, spongin sheath always present. Primary fibers ramified to form secondary and tertiary fine fibers and a tertiary choanosomal network, or non-ramified, connected by short, parallel, non-ramified, secondary fibers. Description. External morphology: Delicate cylindrical branches (3-6 mm in diameter, 10-14 cm long) that rarely anastomose, smooth surface to the naked eye, microconulose when observed microscopically (Fig. 1a-e) . No distinct base, but specimens attach to the substrate at a few points. Oscules 1-3 mm in diameter (Fig. 1d-e) , oval and flush with the surface, separated by 3-4 mm, arranged in rows on one side of the branch. The diameter at the tips sharply decreases, ending always in a pointed, bent end. Color light reddish to pink externally, tan internally. Tan in alcohol. Smooth surface, but rough to the touch. Soft, flimsy in consistency. No sand or foreign material on the surface. Subdermal round cavities (0.5-1 mm), abundant throughout the body, are evident to the naked eye (Fig. 1d) .
Spicules: Fusiform oxeas (Fig. 2d) , 60-82.4-100 x 1.25-2.5-5 µm. Skeleton: Ectosome and choanosome have well-developed primary and secondary tangential fibers (Fig. 2a-c) ; no tertiaries can be distinguished. Primary fibers (20-40 µm in diameter); secondary fibers (10-15 µm in diameter). In the ectosome, large meshes (120-425 µm in diameter) and smaller meshes (50-350 µm). In the choanosome, a longitudinal section of the branch shows a peripheral condensation of the skeleton, with regular and condensed meshes at the surface that become more variable towards the interior of the branch. Meshes are angular, with various shapes ranging from triangular, to square or polygonal. Large primary meshes range from 200-500 µm diameter, while smaller secondary meshes are 40-330 µm. All fibers are cored, primaries with 1-6 spicules, and secondaries with 1-3 spicules (Fig. 2c) . The presence of a peripheral condensation of the reticulation, and overall skeletal morphology indicates the closeness of this species with the subgenus Callyspongia Duchassaing & Michelotti, 1864.
Distribution and ecology. Northwest, west, southwest, southeast and northeast coasts of Cuba (Table 2) , mesophotic coral reef, depth range 44.4-102.4 m. At site C-50 (Table 1 , depth 91.1 m) another specimen of similar size (12 cm long) and pink in color, similar to the holotype (Fig. 1b) , was observed but not collected.
Remarks. Based on external morphology, primarily the delicate nature of the branches, Callyspongia (C.) pedroi sp. nov. is similar to Callyspongia arcesiosa De Laubenfels, 1936 and Callyspongia (C.) densasclera Lehnert & Van Soest, 1999 . However, Callyspongia (C.) pedroi sp. nov. differs from Callyspongia arcesiosa by the larger size of its fibers, and the diameter of the meshes that are at least double in size. The spicules of Callyspongia (C.) pedroi sp. nov. are 30% of the size of the spicules of Callyspongia (C.) densasclera, which is also described as having an abnormally dense conglomeration of spicules (measuring 184-232 x 6.5-8 μm) in the fibers, a fact not observed for Callyspongia (C.) pedroi sp. nov. Callyspongia (C.) densasclera has hastate oxeas, occasionally styles, while in Callyspongia (C.) pedroi sp. nov., oxeas are always fusiform (Tables 3, 4 ). Callyspongia (Cladochalina) alcoladoi sp. nov. (Figs. 3a-e, 4a-d Description. External morphology: Delicate, smooth ropey and cylindrical branches (3-8 mm in diameter, 20-30 cm long), profusely branching and anastomosing, with a few spiny projections (2-4 mm wide, 2-4 cm long) that occasionally arise from the branches. The diameter is variable along the length of the branches, sharply decreasing at the tips, ending always in pointed ends (Fig. 3a-e) . No distinct base, but specimens fixed to the substrate in two or three points. Oscules (1-2 mm in diameter) round and slightly sunken in relation to the surface (Fig. 3d-e) , located in rows on one side of the branch, at variable positions (0.2-2 cm apart). Color gray-pinkish externally, tan internally. Tan in alcohol. Very smooth surface, visually and to the touch. Firm but compressible in consistency. No sand or foreign material on the surface. Abundant subdermal round cavities (0.25-0.8 mm) throughout the sponge are visible to the naked eye (Fig. 3d) .
Spicules: Oxeas (Fig. 4d) , mostly mucronate, few fusiform, 67.6-73.3-85 x 1.5-2.3-3 µm. Skeleton: Ectosome well-developed primary, secondary and tertiary tangential reticulation (Fig. 4 a-c) . Primary fibers (30-150 µm in diameter), secondary fibers (15-30 µm) and tertiary fibers (8-16 µm), with primary meshes (80-250 µm), secondary meshes (70-210 µm) and tertiary meshes (30-70 µm). In the choanosome, a longitudinal section of the branch shows primary fibers (30-110 µm in diameter) that run longitudinally along the branches and are connected by secondary fibers (8-25 µm). Primaries occasionally anastomose forming wide, large meshes (60-500 µm), while secondary or smaller, more abundant meshes (40-200 µm) occur within them. Meshes are angular with various shapes ranging from triangular, to square or polygonal. Only primary and secondary fibers are cored, primaries with 1-6 spicules, and secondaries with 1-2 spicules (Fig. 4c) . The pronounced development of a tertiary reticulation in the ectosome suggests the inclusion of this species in the subgenus Cladochalina Carter, 1885, despite the smooth surface of this species.
Distribution and ecology. East wall of Bahía de Cochinos (S coast of Cuba) and Punta del Fraile (NW Punta Maisí, Eastern tip of Cuba)( Table 2) , mesophotic coral reef, depth range: 51.5-73.4 m. A larger specimen (approx. 1 m long) highly ramified and yellowish in color (Fig. 3b) was observed but not collected.
Remarks. Callyspongia (C.) alcoladoi sp. nov. does not represent the typical Cladochalina, which is characterized, by having the primaries forming bundles or fibrofascicles, and usually have species with spinose surface projections (i.e. mention here a couple of common Cladochalina species with spiny projections). However, the highly developed tertiary reticulation in the ectosome (typical among Cladochalina species), and the lack of a peripheral condensation in the reticle typical of the subgenus Callyspongia support the closer similarity of Callyspongia (C.) alcoladoi sp. nov. to this subgenus. The occasional spinose projections observed in Callyspongia (C.) alcoladoi sp. nov. may represent certain similarity to the spinose projections found in Cladochalina species. A comparative molecular study is necessary to validate the phylogenetic value of the current subgenera classification and the evolutionary relationships within the Callyspongia genus.
Callyspongia (C.) pedroi sp. nov., Callyspongia (C.) alcoladoi sp. nov. and Callyspongia (C.) strongylophora Hartman, 1955 have similar characteristics, such as lack of a distinct base, and branches with oscules arranged in rows. However, Callyspongia (C.) strongylophora forms a tangled mass of irregularly anastomosing and dividing branches, with strongylote spicules, while the other two species are branching, rarely anastomosing, and have oxeas as spicules (Tables 3, 4) .
Callyspongia (C.) alcoladoi sp. nov. and Callyspongia (C.) scutica Van Soest, 2017 are close in morphology, due to their smooth surface and pointed ends of the branches, but Callyspongia (C.) scutica branches are often somewhat flattened, with a tendency to have the branches in one plane, while Callyspongia (C.) alcoladoi sp. nov. has cylindrical branches, and branches in multiple planes. Furthermore, the primaries of Callyspongia (C.) alcoladoi sp. nov. in the ectosome are much thicker than those ones of Callyspongia (C.) scutica, and the fusiform oxeas are much larger in Callyspongia (C.) scutica (Tables 3, 4) .
Etymology. Both species are dedicated to Dr. Pedro M. Alcolado, who dedicated his life to the study of marine sponges and made important contributions to the knowledge of Caribbean sponge taxonomy and ecology.
Key to branching Callyspongia species 
Discussion
The genus Callyspongia has an extensive distribution along the Cuban coast, with its seven species found in 23 of the 35 studied sites (65.7%) ( Table 2) . From 10 species listed in Cuba (Alcolado 2002; present work) : two occur exclusively in shallow waters, six in both shallow and mesophotic depths, and two are exclusively mesophotic (Table 5) . Callyspongia (C.) pedroi sp. nov. is the Callyspongia species with second widest distribution (12 of 35 sites studied, 34.3%), and the second deepest Callyspongia species. Callyspongia (C.) plicifera is the most widely distributed species (16 of 35 sites, 45.7%), and occurring at greater depths. The present work characterizes two new Callyspongia species, Callyspongia (C.) pedroi sp. nov. and Callyspongia (C.) alcoladoi sp. nov., thus increasing from 8 to 10 the number of Callyspongia species recognized for Cuba (Table 5 ).
The occurrence of thin branching Callyspongia specimens, rare but widely distributed along the mesophotic Cuban reefs, was the stimulus for closely examining the taxonomic features that distinguish these species that are seldom described in regional sponge studies. The goal of the expedition during which these samples were collected was to characterize mesophotic reefs around the coast of Cuba. Sample collections were a lower priority; sponges that appeared to be different from those already known were collected using the ROV. The two specimens collected were initially believed to belong to a single species of Callyspongia. Further characterization and close comparison of a complete set of morphological features showed clear differences between the two specimens, indicating as well that they do not conform to any of the previously described thin ropey Callyspongia species from the Caribbean (Tables 3, 4) . Furthermore, the skeletal architecture shows affinities with different Callyspongia subgenera, Callyspongia and Cladochalina.
The depth distribution records of five species were extended in the present survey. The depth range of Callyspongia (C.) armigera (Table 5) .
Future collection of these Callyspongia species will allow further studies that may include histology, ultrastructural, and genetic barcoding. These studies will reinforce a clear delimitation of these unique and rare Callyspongia species common in deeper mesophotic reefs. 
